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ABSTRACT

Steady-state cable configuration equations are put into
a ncudimensional form. Nondimensional coefficients are
obtained and then plotted for specific cases investigated.
Further applications are discussed in the appendixes.
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DEFINITION OF TERMS

Major buoy radius
Minor buoy radius

Total excess buoyancy

Third principal radius of ellipsoid
Current velocity at a given point
Cable normal drag coefficient
Cable tangential drag coefficient

Cable diameter

Nondimensional cable diameter
Cable modulus of elasticity
Nondimensional cable modulus »f elasticity

Reference value of cable modulus of elasticity

Total cable length
Reference lengih

Unit stretched cable length

Dimensionless unit stretched cable length
Unit unstretched cable length
Dimensionless unit unstretched cable length

Tension

Dimensionless tension

Reference tension

x-velocity component
Dimensiorless x-velocity component
y-velocity component

Dimensionless y-velocity component

Reference velocity

TR 4379 .

(£)
(i)
(b)

(ft)
(ft/sec)
(tt)
(\h/ft?)
(Ib/ft?)
()
(ft)
(t)
(£t)

(ib)

(Ib)
(ft/sec)

(ft/sec)

(ft/sec)




C T SO *?f'}{?*‘}
PR R 4

TR 4379

8,0

DEFINITION Or TERMS (Cont'd)

z-velocity component (ft/sec)

Dimensionless z-velocity comronent

Cable weight per foot in water (Ib/ft)
Dimensioniess cable weight per foot in water
Reference csble weight per foot in water (Ib/1t)
Coordinates (ft)
Vertical excursion of buoy from horizontal Jt)
axis
Horizontal excursion of buoy from vertical (ft)
axis
Cable angles (radians)
- 2
Mass density of sea water (&f&)
ft‘
Dimensionless mass deunsity of sea water (1)
- 2
Reference mass density (E’.ﬁic_)
ﬂ‘,‘
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NONDIMENSIONAL STEADY-STATE CABLE CONFIGURATIONS

INTRODUCTION

The preliminary design of surface or subsurface buoy-cable systems and
cable-towed body systems is dependent usually on the following parameters:

a, Cable diameter

b. Cable length

c. Cable weight in sea water

d. Buoy displacement and weight

e. Towed body weight in sea water.

In particular, the design of the AFAR (Azores Fixed Acoustic Range' was
dependent on cable parameters. Because specific cable size3 were unknown, it
was necessary to investigate the configurations and iensiors which vould result
fron various cable diameters, weights, and subsarface buvioy sizes. The com-
putational technique developed by Pattci' was used to compute 27 cases.

The prohlem was to present these results in a meaningful manner. The
steady~state cable equations were nondimensionalized and nondimensional co-
eificients were generated in order tu resolve this problem. The results for the
AtAR thermistor array study were then put irto nondimensional Jorm and plotted.

Appendixes A and B contain additional comments on further application of the
use ¢” the dimensionless steady-state cable equations,

DERIVATION OF NONDIMENSIONAL STEADY-STATE
CABLE EQUATIONS

Patton' generated steady-state cable equations used to predict equilibrium
configurations of moored surface buoys. He oegan with the cable ejuations de-
veloped by Cristecu’ and obtained the four equations
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g_‘r_z-%pcnrdv|v]+l'ccos¢cos0, (1)
so
d¢ 1 . 1 2
.d_sc.: (—-ipCDNdVlVI—Wcsqucos 0)71'— , @)
dé ( 1 1
= [-=pC, d W|W|-W_sin 8) ,
dso 2 DN < Tcos¢ ©)
and the auxiiiary relation
d 1 T d
= + .
: Eadt | e @)
4

A common method for deriving laws of similarity from differential equa-
tions is to express the differential equations in dimensionless fcrm.? For the
case in question, introduce a characteristic length L., a characteristic vc-
locity V,, a characteristic mass density p,, a characteristic tension T,,

a characteristic cable weight per unit length W,, and a characteristic modulus
of clasticity E,. Dimensionless variabies may be defined as follows:

v
T‘:.—’r“, p. :-—‘-’-,W‘:—c-,
T, £y ¢ W
d s $
d.z—, s‘:-——, S :—i’
L, L, L,
U v L
U.:‘-——, V.=°—., W._———’
vO vO VO
and - £

E,
Here we consider angles already dimensionless.

In terms of the new variables, equations (1) through (4) may be expressed
as follows:
41" T,) ) ]
—— == (p*p ) (Cpp) (L) (U V) (U V) + (WS- cos gcos @,
. 2 o o ol [ <
d(sol‘o)
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) d¢ 1
— = -1 ) S @ LY (V' V) IV V) = (W W) sin Geos 6] ——,
. 2 ¢
] d(soLo) T To
d(o® r 1 ‘ . . » . . 1
(L) = l— -z-(p P) (Cop) (A L) (W V(W V |)=(V,_ w,) sin 6 n ’
(T T, cos ¢)
and
. (T’ T) .
ds'L)=f1+ ds, L)
. T .
(E"Eg) () (4" L)’
Rearranging gives
ar’ po V2. L2 w L
| * s _® . o o
——z———pC . d U |U]| " v 6 )
ds: > Cpr ju| ( T, +W_cos ¢ cos T
d¢ 1
_ 1 . 2 v2y _w* o . - .1
_.d::__[__z.poc[md STIVT] - (e L Vo) ~ W siv ¢ cos @ (W‘L")]To.?'
dé r
1 .
— = {~7 7" Cond WIW |- (p,V2LY) - W sin 9'(%'-0)] o e
dso L J To T cos ¢
and
. T. T°
. ds =11+ ds
E L2

The final forms of the dimensionless differential equaticns after multiplica-
tion are:

dr' p, V2 L2 w,L,'
; __;.z_._.!. sCDTd'v‘W‘; ° 2 °+W:cos¢cost9- , ©)
- dso 2 T To

o

by
S

4;
G2y,
£

Pt by
Ee:

D e

imaE et
-9
@

¢

2L2
d¢ 1 s 0, @ p°v° o LI WoLo 1
—— [——Z-p‘CDNd ViV ‘_T— —Wc GanSCOSO'—-T—-— ——:v(6)
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dé p VIL2 w L 1 -
—_- [—-l‘p'CDsd.W.IW.|- —_—— oW sing - ——2 ,

ds 2 T, ° T’ cos &
and the auxiliary relation .
]
T T
ds" = 1+ - - °2 ds: .
E.Td'z EL;

If homologous poims are consgidered, the dimensionless variables have the
same value for a model and its prototype. Then, for the two systems to be sim-
ilar, the coefficients ,, V? L2/T,, w,L,/T,, and T,/E, L2 must be the
same in each situation,

APPLICATION TC THE AFAR THERMISTOR ARRAY

For the no-current condition, the tensior at the buoy approximately equals
B. For convenience let the reference tension, T,, be

T _=B.
o
The quantity E_ L. is related to the tension in the cable. Let
ELI=T,
where T is the tension at any point of interest on the cable.

To include the effect of cable diameter, let

LI=(L)(d) -

Then the following dimensionless coefficients are used in thie application: .
2
po LOVO dO . .
a. —_———, a dimensionless drag to excess bucyancy ratio;
B
w L,
b. , a dimensionless toral cable weight o excess buoyancy ratio;
B
B . .
—T- , a dimensionless excess buoyancy to tension ratio;
3 e, the cable angle in the x-z plane; and
¢ % the cabic nav,? in the y-z plane.
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By trial and error it was found that instead of using 8 and ¢, it is more
: ) convenient to utilize the dimeasionless spatial coordinates x/L,, yv/L,, and
z/L,, where x, y, and z are the inertial cocrdinates of any point on the

, cable, One sees that tae dimensionless apatial coordinates are directly related
to the angles § and ¢, which are determined by suitable trigonometric

] manipwi~tion,
CASES INVESTIGATED FOR THE AFAR THERMISTOR ARRAY

4 To determine the validity of the dimensiorless coefficients discussed pre-
E viously, a number of specific cises had to be investigaied. The problem at
E | hand was to investiZate the two-dimensional buoy configurations of a 2300-ft
long subsurface array (figure 1).

owpwep
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47—
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] D] _L__
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E Ax
\ 1 + ) ELLIPSOIDAL
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2900 #t

/)

P 7 v I d Va e v e Ve

Figure 1. Subsurface Array
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Thbe characteristics of the buoy in figure 2 are

a. Excess busyancy = (1.0 + x) (totzl cable weight in water;, where x is
the percextage of extra buovancy desired.

b. Buoy shape - ellipsoidal and circular in the horizontal plane (a = c) and
a =2b. The buoy is filled with 24 Ib/ft’ syntactic foam.

Figure 2, Ellipsoidal Buoy

The cable ~haracteristics are listed in table 1. It ail, 27 cases were
investigated.

RESULTS

Figure 3 gives total excess buoyancy plottea versus buoy major radius, a,
for all cases investigated. For a given cable weight and a percentage of the
extra excess buoyancy, one can find the associated buoy dimensions and total
excess buoyancy. Figure 4 shows dimensicnless vertical excursion of the buoy
versus dimensionless drag for constant buoyancy to total cable weight ratio,
Figure 5 presents dimensionless horizontal excursion of the buoy versus dimen-
sionless drag for constant buoyancy to total cable weight ratio. inthese figures,
excursions are the distance the buoy is away from the siraight line vertical cce -
figuration (i.e., static condition with zero current).
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3 rable 1. Cazses investigated
: Csble Excess Baoyvancy
E A Weight per ft | Cable Length Above Total Uniform: Current
/%) (&) Cable Weight (knots)
¢ @n.)
: (€3]
0.3
g 1.00 0.5 2500, 0 29 0.5
0.7
: 0.3
1.23 0.5 2909.0 20 0.5
9 0.7
3 5 0.3
2 i 1.50 0.5 2990. 0 ; 20 0.5
: 0.7 |
2 03 :
1.00 0.5 2900. 0 30 0.5
' 0.7
, 0.3
2 1.25 0.5 2900. 0 30 0.5
: 0.7
5 0.3
1.5¢ 0.5 2990, 0 30 0.5
0.7
P ]
3 0.3
3 1.00 0.5 2900, 0 10 9.5
3 0.7
é 0.3
# ’ 1.25 0.5 2900, 0 40 0.5
0.7
0.3
1.50 0.5 2900. 0 49 0.5
Z 0.7
;
.

-3
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260} i
LX
240, POAL WOY
_ MAJOR ZADRSS = ZX MANOR ZAOIGS
=3 2: EXCESS JUCYANCY = -DIPLACEMENT - WF. IN ALD
rd EMAXMJMCA@:.E TBNION
e 3) FOR GULIFSOIDS FILLES WITH 24 2/
g 0 pENSTY SYNTATC F0AM
=ns
3 /
2 x = &
3 =or e /
E 4
o
& X=3% L5 =85k
Z
£ e
o -
2 ; X = 3
w3
(% ]
w
v
X 160
1400 -
1200}
/ V.c 0 2ih §e
1000 i 1 1 { ] |
2.0 2.2 A 50 3.2 3¢
EUC 1 MMAJCF RADT.S &

Figure }. Fx<ess Buovancy versus Major Radius
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0.6
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z
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Figure 5. Dimensionless Horizontai Excursion versus Dimensioaless Drag

1¢




oy

g

“texm

DISCUSSIOX

Figures 4 and 5 show that the dimensioal <5 parameters discussed pre-
viously can be calculated and plotted in a reasomabie fashion, Specific ap-
plicacian to the 2900-ft-subsurface array is straightforward:

a. Gwoseamblediameter, total length, and weig.t per foot in water, d,
L, and w,.

L. Choose an average uniform current value, C,

¢. Chocse a buoyancy to total cable weight (in water) ratio, B/w, L.

d. Compute B:
B=(w,L)(1+x)
e. Compute
pdC’L
B
pdC’L Ax
f. Go to tke curve of B/wL = constant with B value and find 5

Therefore, vertical excursion of the buoy, Ax, is known, and the tuoy dimen-
sions can be found from figure 3. Horizontal excursions, A4z, can be found in
i similar fashion,

SUMMARY

Tais report shows that the steady-state cable equations (1) through (4) can
be ronaimensionalized and meaningful dimensionless coefficicnts generated.
Thesc coefficients can then be applied to steady-state buoy~cable configurations
aaa cable-towed body ronfigurations. ‘ihe resulting dimcasionless curves can
be of aid to the designer and user of these systems. The discussions in the
appendixes show that moie investigation of this subject is needed. Hopefully,
more will be done in the future.

11/12
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Appenix A
. METHOD 0!’ ISOCLINES APPLIED TO TWO-DIMENSIONAL CASE

Consider the dimensionless Steady-state equations (5; through (7) zgain.

dT e VL2 v, L _
] .'..'. o o - . Y o 6
-_..,-_-Z-F-CDTdU gLi~( T * ¥_cos S cos - T . )

_ ; ds_ ° °
1 202
dé H ¢ . _e. p"‘fL’ L ; w"L" 1
— = “i"'cosd‘ AN - - W _sin Scos 6 - —, - (6)
dso o [ 4 TQ T
' and

dg . P ‘.ILI w L 1
_.,[-%,,oc“d‘r‘;r’;-—i_"_l -Wosing L 2N .
dso T° To T coy $ ("'\

4

Consider the problem in the x-z plane only. Then ¢ becomes 0, and
equatioas (5) through (7) reduce to

3 ar’ P, VoLl v L A-1
¥ i s o °o oo} oy ( )
, . F = -—2 ‘fCDTd U !U l( _ro <+ 't cos 8 _ro .

.’ b
and
E dg ] ¢ _ e * p"\': Lg . ‘o LO I
’ P AR PUL B Sty B P il | BT

ds; 2 ’ T, T, T

Note wat the dimensionless velocity components V* and w+ are related
to the dimeasioniess free stream velocity by

v o
Vo= sin @
v

(-]

L =-‘7\~ cos 8

Substitution into (A-1) and (A-2) gives

‘ dTr’ i 4 \4 l v ; ! po\g L; . P Yo Lc
:—.- = -3 [ CDT ;—-sm 0 I;.— sin f! - T - ‘c cos T (A"la)
¢ So 2 © ° °
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TR PN L AP S os s 2l |

L .c & \d
-——.g _—f =
2 DN v

cos 4§

ds

v eVele . [=.t)] 1 ia29)
— cos @} -f———} - ¥ _sin ) — -
\Y T T T

The shape of the solution curves of equations (A-1a) and (A-2a; can be in-
vestigated using a method of isoclines.* One approach would be to assume a
value for each slope (dT*/ds* and d#/ds? ) and solve the two equatiors simul-

tanecusly for T* and #, given the values of the dimensionless paraneters
and assuming suitable values for p*, d*, and other variables.

Possibly the following types of curves (figures A-1 and A-2) could e mean-
ingful, subject to the investigation discussed in the previous paragraph.

An investigation into this approach is planned as a pext step.

}

= constont
T °
1.0

)

Figure A-1. Dimensionless Tension Solution Curve

ek

= corstant

So

7 Figure A-2. Dimensionless Angle Solution Curve

14
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Apgpendix B
. TWO SPECIAL: APPLICATIONS

An outline of possible meaningful dimensionless parameters as applied to
buoy-cable systems and cable-towed boay systems is presented belew.

B8UOQY-CABLE SYSTEMS

At the buoy for a givzn cable diameter, the equations are

T.c—;n-r—b’
io 5
where
T, = tension at the buoy
B = excess buoyancy of the buoy for the zero current condition;
'OLO w L°
T ) B |

where
W, = weight per unit length of the cable in sea water
L, = total cabie length;

p,VILZ  , yiL2

o oo o o o

T B

o

’

where
P, = mass density of sea water

V, = some average current value;

where

4z = radius of buoy watch circle;
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where
Ax = buoy draft or vertical distance from initial zero current condition,

CABLE-TOWED BODY SYSTEMS

At the ship for a given cable diameter, the equations are as follows:

'r’-_-_T_gzi ,
To 'b

where
T, = tension at the ship
W, = weight of the towed body in sea water;
'oLo "_,Lo

———— T

To 'b

where
w, = weight per unit length of the cable in sea water
L, = amount of cable paid out from ship;

P, VILZ  p VIL?

o o0 o 0o o
] T w v
where ° b

p, = mass density of sea water

V, = ship speed;
°f Az

0=—

e [+
3 where

A z = distance astern towed body is from fantail;
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) Ax
é= T_: ’
) where
4 x = depth of towed body from ship's fantail.
Note that T, /W, is analogous to che often mentioned ""depression ratio," and
Az v, L
[z v,
P.,Vili L, ) (PoV’L )
'b

is analogous to the "'normalized body depth. "
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